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This invention relates to the field of lighting modules 
employing light emitting diodes ( LEDs ) , and more particu 
larly to LED modules suitable for exposed lens plate lumi 
naires . There is herein provided an LED module having a 
printed circuit board comprising at least two layers , wherein 
the interface between two layers at a side surface of the 
printed circuit board is covered by a protrusion of an 
optically transmissive cover plate . The same said optically 
transmissive cover plate is also adapted to cover at least one 
LED positioned in or on the printed circuit board . 
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LED MODULE AND METHOD OF SEALING 

FIELD OF THE INVENTION 
[ 0001 ] This invention relates to the field of lighting mod 
ules employing light emitting diodes ( LEDs ) , and more 
particularly to LED modules suitable for exposed lens plate 
luminaires . The invention further relates to a method of 
sealing a LED module . 

BACKGROUND OF THE INVENTION 
[ 0002 ] Exposed lens plate luminaires typically comprise 
LED modules mounted in a housing or supporting mecha 
nism with no additional shielding or protection provided to 
the light emitting surface of the LED module . As such , an 
exposed lens plate luminaire may have fewer parts than 
other lighting arrangements , resulting in a lower cost lumi 
naire with increased light output and an improved beam 
profile . 
[ 0003 ] Known LED modules employed in exposed lens 
plate luminaires comprise an LED light source ; an optically 
transmissive element ( such as a lens plate ) and an electrical 
connection element . Optionally , such LED modules are 
known to further comprise additional thermal management 
elements , e . g . a heat sink . The LED light source typically 
comprises a printed circuit board ( PCB ) with a plurality of 
LEDs mounted thereon , said LEDs being adapted to output 
light from a light - emitting surface of the printed circuit 
board . Due to the absence of a protective element , the LED 
module itself should preferably be self - sealing to prevent the 
ingress of foreign contaminants such as dust or water , in 
accordance with IP66 and IP67 . 
[ 0004 ] One known solution to this issue comprises sealing 
the optical plate to a heat sink positioned on a non - light - 
emitting surface of the LED light source ( i . e . a surface on the 
reverse of the LED light source , opposite and parallel to the 
light emitting surface ) . Another known method is to extend 
the optical plate around the LED light source to the non 
light - emitting surface of said light source and seal the 
optical plate thereon . However , this requires a dedicated 
housing to mount these modules , needing to accommodate 
the parts of the optical plate that extend to this the reverse 
surface . Other modules may comprise sealing the optical 
plate to the light - emitting surface of the LED module ; 
however , this may cause a reduction in the optical efficiency 
of the LED module . 
[ 0005 ] US2013088863A1 discloses a LED module com 
prising LEDs mounted on a MCPCB which is inserted into 
a transparent , cylindrical cover , covering a portion of the 
interface between layers at a side surface of the MCPCB . 

the side surface of the printed circuit board wherein at least 
one side surface of the printed circuit board is at least 
partially inwardly inclined . 
[ 0008 ] Proposed embodiments may therefore be sealed , 
for example by a sealant , to prevent ingress of foreign 
contaminants between the layers of the PCB . In other words , 
by covering a portion of an interface between the first layer 
and the second layer at the side surface of the printed circuit 
board , the covered portion of the interface between the first 
layer and the second layer may be protected from contami 
nants such as water , dust or other particles . Hence , a portion 
or portions of the interface which otherwise would be 
directly exposed to the environment ( ambient or surrounding 
atmosphere ) , for example the portion of the interface at the 
sides of the first and second layer , are sealed from said 
environment to prevent ingress . More preferably , all of the 
portion or portions of the interface which otherwise would 
be directly exposed to the environment , is / are sealed from 
said environment by the sealant . 
[ 0009 ] Proposed embodiments thus provide an LED mod 
ule or luminaire having a printed circuit board ( PCB ) and an 
optically transmissive cover plate . The PCB may comprise 
two or more layers and a plurality of LEDS adapted to emit 
light . The PCB may be considered to have an upper surface 
from which light is output . The printed circuit board may 
also have at least one side surface , whereat an interface 
between the first layer and the second layer is present . Put 
another way , there may be a boundary in the printed circuit 
board between the first and second layer , wherein the 
boundary may be exposed to at least one side surface of the 
printed circuit board . 
[ 0010 ] At least one side surface of the printed circuit board 
is at least partially inwardly inclined . In other words , the 
printed circuit board is fully or partially tapered , such that 
the light - outputting upper surface of the printed circuit board 
may be of a smaller area than a lower surface of the printed 
circuit board . That is to say , a side surface of the printed 
circuit board may be inclined partially inwardly of the 
printed circuit board . 
[ 0011 ] In some embodiments , the first layer may comprise 
metal substrate and the second layer may comprise a dielec 
tric material . 
[ 0012 ] The plurality of LEDs may , for example , be dis 
tributed in any of the two or more layers or be positioned on 
the upper surface of the printed circuit board . The LEDs may 
be arranged to emit light such that the light is output from 
the upper surface of the printed circuit board . 
[ 0013 ] The optically transmissive cover plate is config 
ured so that it covers at least one of the plurality of LEDs , 
and hence the cover plate may at least partially cover the 
upper surface of the printed circuit board . Examples of such 
a plate may include : a flat plane of optically translucent 
material ; a curved dome of translucent material ; or a win 
dowed sheet of material . It may be understood that an 
optically transmissive cover plate may comprise material 
that permits at least partial transmittance of light emitted 
from the LEDs , output via the upper surface . Alternatively , 
the cover plate may comprise any windowed material , such 
that light is permitted to at least partially permeate through 
the cover plate . 
[ 0014 ] Optionally , both the upper surface of the printed 
circuit board and a surface of the optical plate may be 

SUMMARY OF THE INVENTION 
[ 0006 ] The invention is defined by the claims . 
[ 0007 ] . According to an aspect of the invention , there is 
provided an LED module comprising : a printed circuit board 
having an upper surface and at least one side surface , the 
printed circuit board comprising : a first layer ; a second 
layer ; and a plurality of LEDs adapted to output light from 
the upper surface ; and an optically transmissive cover plate 
positioned to cover at least one of the plurality of LEDs and 
having at least one protrusion arranged to cover a portion of 
an interface between the first layer and the second layer at 



US 2018 / 0017247 A1 Jan . 18 , 2018 

889 
substantially flat , such that the upper surface of the printed 
circuit board and the said surface of the optical plate may lie 
flush against one another . 
[ 0015 ] The cover plate comprises a protrusion that covers 
a section of the interface between a first and second layer at 
the at least one side surface of PCB . In other words , at least 
one side surface , to which the boundary between the first 
layer and second layer is exposed , may be partially covered 
by the protrusion , such that part or all of the boundary 
exposed to the side surface is covered by the protrusion . 
There may be embodiments wherein the optical plate com 
prises a plurality of protrusions , each protrusion covering a 
portion of any such interfaces exposed to any side surfaces 
of the printed circuit board . The side surfaces may be 
outwardly facing side surfaces or may be inwardly facing 
side surfaces . In other words , the side surfaces may be at an 
outer / peripheral edge of the PCB or at an inner edge PCB 
( e . g . an edge formed within the footprint area of the PCB 
when viewed from above . Such an edge may therefore 
define an aperture or hole in the PCB . 
[ 0016 ] The protrusion may otherwise be understood to be 
a projection , flange or an outthrust that extends at an angle 
from the plane of the optical plate . The protrusion may 
therefore define an angle with the cover plate , and the angle 
may , for example , be substantially equal to 90° . In some 
embodiments , the protrusion of the optical plate may be of 
a different material to other parts of the optical plate . 
[ 0017 ] In some embodiments , the protrusion may be pro 
vided at the edge of the optical plate , such that the optical 
plate may have , for example , an at least partially raised lip 
around its perimeter . 
[ 0018 ] In some embodiments , the cover plate may be 
attached to the printed circuit board by an overmolding or 2k 
molding process . In this manner , the covered portion of the 
interface between a first and second layer may be effectively 
sealed against foreign contaminants . 
[ 0019 ] In other embodiments , a plastic or plastic - like 
material , preferably silicone rubber , may be overmoulded on 
the upper surface of the printed circuit board to seal the 
cover plate to the printed circuit board . Alternatively a 
plastic material may be moulded over both the cover plate 
and the printed circuit board to attach the cover plate to the 
printed circuit board and thereby seal at least the covered 
portion of the interface against foreign contaminants . 
[ 0020 ] In an embodiment , there may be provided an 
optically transmissive cover plate for a printed circuit board , 
wherein the circuit board comprises an upper surface ; at 
least one side surface ; a first layer ; a second layer ; and a 
plurality of LEDs adapted to output light from the upper 
surface . The cover plate is capable of being positioned to at 
least partially cover the upper surface such that at least one 
of the plurality of LEDs is covered . The said cover plate 
comprises a protrusion adapted to cover a portion of an 
interface between the first layer and the second layer at a 
side surface . Thus , embodiments may provide a cover plate 
that can be supplied separately from the LED module . 
[ 0021 ] Optionally , the LED module is adapted to further 
comprise sealant positioned between the protrusion of the 
optical plate and the covered portion of the interface so as to 
prevent ingress of foreign contaminants into the said cov 
ered portion of the interface . 
[ 0022 ] In other words , there may be provided sealant 
between the protrusion of the optical plate and the covered 
portion of the interface on the side of the printed circuit 

board . Thus , the interface may be at least partially sealed 
against the ingress of foreign contaminants , such as dust or 
water . 

[ 0023 ] Put another way , an edge side of the printed circuit 
board may be at least partially covered by at least one 
protrusion of the optically transmissive cover plate . Accord 
ingly , the edge interface between two layers of the printed 
circuit board at the said edge side may also be partially 
covered by the said at least one protrusion . Sealant , posi 
tioned between the protrusion and the interface , helps pre 
vents penetration of external or foreign contaminants at the 
said covered interface between the printed circuit board 
layers . Examples of foreign contaminants may comprise : 
particles of dust ; moisture ; or corrosive gases . Such a sealant 
may therefore hermetically seal the cover plate to the printed 
circuit board . One example of a possible sealant is silicone 
material . 
[ 0024 ] In an embodiment , the sealant may be adhesive so 
as to adhere the protrusion of cover plate to the covered 
portion of the interface . That is to say , the area of the side 
surface covered by the protrusion of the optical plate may be 
adhered to the said protrusion by adhesive sealant . Adhering 
the optical plate to the printed circuit board on the side 
surface may reduce optical losses that may be incurred when 
sealing a printed circuit board with an optical plate on the 
upper surface . One example of a possible adhesive sealant is 
silicone glue . 
[ 0025 ] There is provided an optically transmissive cover 
plate for a printed circuit board , wherein the circuit board 
comprises an upper surface ; at least one side surface ; a first 
layer ; a second layer ; and a plurality of LEDs adapted to 
output light from the upper surface . The cover plate is 
capable of being positioned to at least partially cover the 
upper surface such that at least one of the plurality of LEDs 
is covered . The said cover plate comprises a protrusion 
adapted to cover a portion of an interface between the first 
layer and the second layer at a side surface . Sealant may then 
be provided in - between the protrusion and the printed circuit 
board to provide effective sealing against exposure . Thus , 
embodiments may provide a cover plate with sealant that 
can be supplied separately from to the LED module 
[ 0026 ] The optical plate may further comprise at least one 
depression alongside each protrusion of the optical plate . 
[ 0027 ] There may therefore be provided a depression in 
the optical plate , for example , a trench or channel , adjacent 
to the protrusion . The depression may be partially or wholly 
in line the side edge of the printed circuit board . The 
depression may be a groove that runs alongside the whole 
length of the protrusion or may only run alongside a partial 
length of the protrusion . The depression may be understood 
to be situated next to a side of the protrusion . Preferably , the 
depth of the depression in the optical plate is greater than 0 . 5 
mm . 
[ 0028 ] Sealant positioned between the protrusion and the 
printed circuit board may be extended to also be positioned 
between the depression of the cover plate and the printed 
circuit board for sealing the cover plate to the printed circuit 
board . The sealant may therefore partially seal an area of the 
upper surface of the printed circuit board to the optical plate . 
The sealant may , in some embodiments , not extend beyond 
the depression , such that the printed circuit may lie flush 
against with the optical plate . 
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[ 0029 ] The sealant may further be adhesive such that the 
printed circuit board may be attached to the cover plate by 
means of the adhesive sealant . 
[ 0030 ] In some embodiments there may be a plurality of 
depressions alongside at least one protrusion of the optical 
plate . In such embodiments sealant , provided to the depres 
sions , may be trapped in one of the plurality of depressions 
to prevent flow of sealant towards , for example , LEDs 
positioned on the upper surface of the printed circuit board . 
[ 0031 ] The protrusion of the optical plate may have at 
least one inclined side . In other words the protrusion may 
partially or fully taper from the bottom ( i . e . closest to the 
optical plate ) to the tip ( i . e . away from the optical plate ) . The 
inclined side may be that side of the protrusion closest to the 
printed circuit board , and in some embodiments may incline 
away from the said printed circuit board . In such an embodi 
ment , a lower part of the protrusion may be more proximate 
to the printed circuit board than a upper part of the protru 
sion . 
[ 0032 ] In some embodiments , both the protrusion and the 
printed circuit board are inclined such that the proximity of 
an upper part of the protrusion and a lower part of the 
protrusion to the printed circuit board is the same . 
[ 0033 ] The at least one layer of the printed circuit may be 
at least partially absent in the locality of the protrusion 
[ 0034 ] In other words , in an embodiment , the first layer 
may laterally extend beyond the second layer of the printed 
circuit board , such that a ( non - inclining ) protrusion is more 
proximate to the first layer than the second layer . Sealant 
may still cover the edge interface between the first and 
second layer at area of the side of the printed circuit board 
to which the second layer extends . In alternative embodi 
ments the second layer may laterally extend beyond the first 
layer of the printed circuit board . Thus in such embodiments , 
the side surface of the second layer and the side surface of 
the first layer may not be in the same plane . 
[ 0035 ] In some embodiments , the second layer , which 
may , for example , have been deposited to fully coat the first 
layer , may be stripped in the immediate vicinity of the 
protrusion of the cover plate . In another embodiment , the 
second layer may have been selectively deposited upon the 
first layer so as to not extend fully to the perimeter of the first 
layer . 
10036 ] In some embodiments , the partial absence of the 
layer of the printed circuit board , i . e . that which is at least 
partially absent in the locality of the protrusion , may not be 
directly at the edge of the said printed circuit board . For 
example , the second layer may be partially stripped inward 
to the printed circuit board , such that there is a side surface 
of the second layer and a side surface of the first layer in the 
same plane . There may thus be an interruption or gap in the 
second layer of the printed circuit board . In alternative 
embodiments , the first layer may be partially stripped 
inward to the printed circuit board . 
0037 ] Optionally , each side surface of the printed circuit 

board is covered by at least one protrusion of the optical 
plate to such an extent that the interface between the first 
layer and second layer of the printed circuit board at each 
side surface is fully covered . Sealant may be provided to seal 
the optical plate to the printed circuit board . In such an 
embodiment , it may be considered that the entire upper 
surface of the printed circuit board is protected against 
foreign contaminants . 

[ 0038 ] In some embodiments , the cover plate may com 
prise additional protrusions that are not arranged to cover a 
portion of an interface . Contrarily , such additional protru 
sions of the cover plate may be arranged to cover an area of 
the upper surface of the printed circuit board . Sealant 
positioned therebetween may thereby seal the cover plate to 
the upper surface of the printed circuit board to protect 
ingress of foreign contaminants across the upper surface of 
the printed circuit board . Thus such additional protrusions 
may be called upper surface sealing protrusions . 
[ 0039 ] Optionally , the cover plate may comprise only a 
single , continuous protrusion that may vary in outward 
extent or height from the cover plate to be sealed to selected 
side surfaces of the printed circuit board and selected 
sections of the upper surface of the printed circuit board . 
Such a single , continuous protrusion may alternatively only 
seal at some or all of the side surfaces . This latter continuous 
protrusion may , therefore , not vary in outward extent from 
the cover plate . 
[ 0040 ] In an embodiment , the optical surface plate may be 
partially sealed to at least one side surface and partially 
sealed to the upper surface such that an area of the upper 
surface may be protected against the ingress of foreign 
contaminants . 
[ 0041 ] In order to electrically connect the LEDs mounted 
on the printed circuit board to an external contact , such as a 
power supply , there may be a requirement for wires to be 
provided to the LEDs through the optical plate . Thus , there 
is herein introduced a technique for allowing wires to feed 
through the optical plate without exposing the upper surface 
of the printed circuit board to foreign contaminants . 
[ 0042 ] Therefore , in some embodiments , there may be 
provided a cavity that spans through a protrusion , for 
example a side interface covering protrusion or an upper 
surface sealing protrusion , from outside the LED module in 
the direction of the printed circuit board . The cavity may be 
thought to be a channel or groove cut into such a protrusion . 
A wire may be positioned in said channel , encapsulated in 
sealant . Optionally , the sealant does not expand outside the 
channel . Preferably the sealant does not expand outside the 
channel , but rather completely fills said channel . 
[ 0043 ] Optionally there may be provided at least two of 
such cavities to enable , for example , the provision of a 
power supply and a reference ground . Preferably there are 
no more than four of the said cavities to allow , for example , 
the provision of a power supply ; a reference ground ; and two 
additional control signals ( such as a dimming control ) . 
[ 0044 ] There may be required a manner of mechanically 
fixing the optical plate to the printed circuit board ; and a 
manner of mechanically fixing the LED module disclosed 
herein to an external support ( such as a ceiling ) . There is 
provided a plug for mechanical fixation of the optical plate 
to the printed circuit board and for mounting the LED 
module into an external support . For mounting of an LED 
module , there may be provided an external support or 
housing that may act as a heat sink . 
0045 In the main body of the printed circuit board and 
the optical plate , that is to say inward of the perimeter , the 
printed circuit board and the optical plate may be thought to 
lie substantially parallel against one another , preferably with 
a small gap ( e . g . Less than 5 mm ) between them . To mount 
such an embodiment of an LED module to an external 
support , there is provided a plug that spans through the 
printed circuit board and the optical plate . It is desirable that 
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comprises : at least one protrusion arranged to cover a 
portion of an interface between the first layer and the second 
layer at the at least one side surface of the printed circuit 
board and wherein the printed circuit board of the LED 
module is made to have at least one inwardly inclining side . 
0050 ] The method may further comprise providing adhe 
sive sealant between the protrusion of the cover plate and the 
covered interface so as to prevent ingress of foreign con 
taminants into the section of the interface between the first 
layer and the second layer covered by the covered area . 
( 0051 ] The method may further comprise : providing at 
least one depression in the optical plate alongside each 
protrusion ; providing the adhesive sealant in the depression 
of the optical plate for adhesion of the optical plate to the 
printed circuit board . 
[ 0052 ] The step of providing an optical plate may be 
adapted such that the protrusion has at least one inclined 
side . 
[ 0053 ] Optionally , the method may be adapted such that 
the second layer of the printed circuit board of the LED 
module is at least partially absent in the locality of the 
protrusion . 
[ 0054 ] These and other aspects of the invention will be 
apparent from and elucidated with reference to the embodi 
ment ( s ) described hereinafter . 

BRIEF DESCRIPTION OF THE DRAWINGS 

when mounted to said external support by the plug ( for 
example a ceiling or wall ) , the printed circuit board may lie 
against the external support , with the optical plate lying 
against the printed circuit board . To provide improved heat 
sink capabilities , the plug preferably does not extend beyond 
the bottom surface of the printed circuit board , said bottom 
surface being the side of the printed circuit board lying 
against the external support , and opposite to the upper 
surface that is covered by the optical plate . Typical plugs 
may allow a securing fastener , such as a screw , to pass 
through from the optical plate , through the printed circuit 
board and into the external support for mounting and secur 
ing of the LED module thereon . 
[ 0046 ] One exemplary plug for mechanical fixation of the 
LED module may comprise a clamp that fixes into the 
printed circuit board for securing the LED module to the 
plug . In such embodiments of this plug , clamping may only 
be performed in a single direction only ( e . g . along the length 
of the printed circuit board ) such that dimensional variations 
of the LED module ( such as those caused by temperature 
changes or manufacturing tolerances ) may be accounted for . 
By protecting against variations in this manner , the risk of 
accidental stresses , which may cause damage to the LED 
module , may be somewhat mitigated . 
[ 0047 ] The plug may further comprise a press module that , 
when the plug is secured to the external support , pushes the 
printed circuit board against said external support . For 
example , a screw might lie directly against the press module 
such that when the screw secures the plug into the external 
support the bottom surface of the printed circuit board is 
pushed against the external support by the press module . By 
pushing the printed circuit board against the external sup 
port , good flatness of the LED module to the external 
support may be achieved , which may enable good thermal 
contact of the printed circuit board to the external support . 
This may improve module performance and reliability by 
providing a heat sink for the printed circuit board . Prefer 
ably , direct pressure is not placed on the optical plate to be 
transferred to the printed circuit board , as this may result in 
less robust contact between the printed circuit board and the 
heat sink provided by the external support . Furthermore , 
applying such a direct pushing force on the optical plate may 
increase the chance of cracking and damage of said optical 
plate . 
[ 0048 ] Optionally , a plug may comprise wing - like projec 
tions that span over an externally exposed surface of the 
optical plate , said wing - like projections being adapted to 
push the optical plate toward the printed circuit board . A 
wing - like projection , alternatively named a wing , may 
optionally comprise a protrusion to be secured into the 
optical plate . The wings may allow for movement of the 
optical plate along the length and width directions of the 
optical plate , whilst maintaining a constant relative distance 
from the printed circuit board ( i . e . restricting movement in 
the depth direction of the optical plate ) . 
0049 ] According to another aspect of the inventions , 

there is provided a method of sealing an LED module , 
wherein said LED module comprises a printed circuit board 
having a upper surface and at least one side surface and 
comprising : a first and second layer ; and a plurality of LEDs 
adapted to output light from the upper surface , the method 
comprising : providing an optically transmissive cover plate 
comprising translucent material positioned to cover at least 
one of the plurality of LEDs , wherein the cover plate 

[ 0055 ] Examples of the invention will now be described in 
detail with reference to the accompanying drawings , in 
which : 
10056 ] FIG . 1 shows an LED module according to a first 
exemplary embodiment ; 
[ 0057 ] FIG . 2 illustrates an LED module according to a 
second exemplary embodiment ; 
[ 0058 ] FIG . 3 displays an LED module according to a 
third exemplary embodiment ; 
[ 0059 ] FIG . 4 depicts an LED module according to a 
fourth exemplary embodiment ; 
[ 0060 ] FIG . 5a illustrates an LED module according to a 
fifth exemplary embodiment ; 
[ 0061 ] FIG . 5b illustrates an LED module according to a 
sixth exemplary embodiment ; 
[ 0062 ] FIG . 6 displays an LED module according to a 
seventh exemplary embodiment ; 
[ 0063 ] FIG . 7 shows an LED module according to an 
eighth exemplary embodiment ; 
[ 0064 ] FIG . 8 illustrates an LED module according to a 
ninth exemplary embodiment ; 
[ 0065 ] FIG . 9 illustrates a technique for providing elec 
trical connection to the printed circuit board through the 
optical plate ; 
100661 FIG . 10 depicts a flowchart for a herein disclosed 
method of sealing an LED module ; and 
[ 0067 ] FIG . 11 shows a mechanically fastening plug for 
mounting an LED module to an external support according 
to an embodiment . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[ 0068 ] The invention provides an LED module having a 
cover plate , wherein the cover plate is adapted to cover an 
interface between two layers of a printed circuit board 
adapted to output light . 
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[ 0069 ] With reference to FIG . 1 , a first embodiment of an 
LED module 1 is shown . The LED module 1 comprises a 
printed circuit board ( PCB ) 100 , having a first layer 101 and 
a second layer 102 , and a cover plate 13 . There is mounted 
on the upper surface 105 of the PCB a first LED 110 and a 
second LED 111 , adapted to output light from the upper 
surface 105 when the LED module is in use . The cover plate 
13 is arranged to cover at least one of these mounted LEDs , 
for example , both the first 110 and second 111 LED . 
[ 0070 ] The cover plate 13 comprises a protrusion 15 that 
extends outwardly from the cover plate . The protrusion 15 is 
arranged to cover a portion of the interface 107 between the 
first layer 101 and the second layer 102 , especially at a side 
surface 106 of the printed circuit board 100 , i . e . that part of 
the interface which otherwise would be exposed to the 
ambient or surrounding atmosphere . In this and subsequent 
embodiments , the protrusion 15 is shown at the edge of the 
cover plate 13 , however , it will be understood that a pro 
trusion is not necessarily limited to being provided at the 
perimeter but may , for example , be provided inward of the 
perimeter of the cover plate 13 . 
[ 0071 ] Sealant 14 is positioned between the cover plate 13 
and the portion of the interface 107 covered by the protru 
sion 15 of the cover plate . In the present embodiment , the 
sealant 14 extends to partially cover the upper surface of the 
printed circuit board 100 . By sealing the cover plate to the 
printed circuit board with sealant in this manner , the portion 
of the interface 107 covered may be sealed to prevent ingress 
of foreign contaminants . Thus , the interface between the first 
layer 101 and the second layer 102 may be protected from 
contaminants such as water , dust or other particles . 
[ 0072 ] Optionally , the sealant may be adhesive so as to 
stick the optical plate to the PCB 100 . 
[ 0073 ] The first layer 101 may be a substrate , such as an 
metal substrate ( e . g . aluminium ) . The second layer 102 may 
be a dielectric material ( e . g . silicon ) upon which a LED may 
be formed or mounted . The second layer 102 may in some 
other embodiments be an epoxy or polyimide material . The 
layers may otherwise or additionally comprise other mate 
rials , such as epoxy impregnated glass fabric or even an 
electrically insulating material with integrated copper tracks . 
[ 0074 ] second embodiment of an LED module 2 is 
shown in FIG . 2 . The LED module 2 similarly comprises a 
PCB 200 , having a first layer 201 and a second layer 202 , 
and a cover plate 23 . The cover plate 23 is arranged to cover 
at least one LED ( not shown ) mounted on the upper surface 
205 of the printed circuit board 200 . 
[ 0075 ] As in the first embodiment , the cover plate 23 
comprises a protrusion 21 arranged to cover a portion of the 
interface between the first layer 201 and the second layer 
202 . Sealant 24 is positioned between at least the protrusion 
21 of the cover plate 23 and the PCB 200 to seal the covered 
portion of the interface against foreign contaminants . 
[ 0076 ] In this second embodiment , the cover plate 23 
further comprises a depression 25 alongside the protrusion 
21 . The depression 25 may be a groove in the cover plate 23 
that runs alongside the length of the protrusion 21 . The 
sealant 24 is extended to at least partially fill the depression 
25 so as to seal the cover plate to the upper surface of the 
printed circuit board . The provision of a depression 25 , 
alternatively named a channel , in this manner may accom 
modate relative movement between the optical plate and the 
printed circuit board when the LED module is in use . 

[ 0077 ] A third embodiment of an LED module 3 is illus 
trated in in FIG . 3 . The LED module 3 comprises the same 
features as the second embodiment exhibited in FIG . 2 . That 
is to say , a PCB 300 , having a first layer 301 and a second 
layer 302 , wherein the interface between the said two layers 
is covered by a protrusion 35 of a cover plate 33 . Sealant 34 
positioned between the cover plate 33 and the printed circuit 
board helps prevent ingress of foreign contaminants into the 
covered portion of the interface . 
[ 0078 ] In the present embodiment , however , a side 351 of 
the protrusion 35 of the cover plate 33 is partially inclined . 
In other words , the protrusion 35 slightly tapers in the 
direction away from the body of the optical cover 33 . To 
incline the protrusion in this manner may enable the sealant 
34 to be positioned with greater ease . 
[ 0079 ] Another embodiment of an LED module 4 , shown 
in FIG . 4 , comprises all the features of the third embodiment 
exhibited in FIG . 3 . In other words , an inclined protrusion of 
an optical plate 43 is arranged to cover an interface formed 
between a first layer 401 and second layer 402 of a PCB 400 . 
Sealant 44 is positioned between the optical plate 43 and the 
PCB 400 to seal the aforementioned interface from foreign 
contaminants . 
[ 0080 ] In this fourth embodiment , the edges of the PCB 
400 are inwardly inclined , that is to say at least partially 
inclined in the direction of the body of the printed circuit 
board . Thus the area of the upper surface 405 of the PCB 400 
may be smaller than the area of a lower surface 406 of the 
printed circuit board . Providing an inclined side of the 
printed circuit board in this manner may permit improved 
sealant flow during provision of the said sealant . 
[ 0081 ] In a fifth embodiment of the LED module 5a , 
illustrated by FIG . 5a , the features of the fourth embodiment 
are present . Thus , the PCB 500 comprises a first layer 501 
and a second layer 502 . The interface formed at the edge of 
the printed circuit board between the first layer 501 and the 
second layer 502 is at least partially covered by a protrusion 
55 of an optical plate 53 . Sealant 54 is positioned between 
at least a protrusion 55 and the edge of the printed circuit 
board such that the interface between the first 501 and 
second 502 layer is at least partially sealed against the 
admission of contaminants between the layers . In this spe 
cific case where part of the layer 502 is removed , it is not 
necessary that the protrusion 55 or the sealant extends to the 
side of the PCB . They can also be restricted to the top 
surface to be directly connected to the metal of the PCB . 
10082 ] The second layer 502 of the fifth embodiment is 
adapted to be partially absent in the locality of the protrusion 
55 . In some embodiments , therefore , the second layer 502 
may be partially removed in the immediate vicinity of the 
protrusion 55 . Thus the second layer 502 of the PCB 500 
may be partially absent towards the edge or perimeter of the 
printed circuit board 500 . The partial absence of the second 
layer may allow for improved sealing of the cover plate to 
the first layer , which may , for example , be stuck by adhesive 
sealant with greater adherence than the second layer . 
10083 ] . Another embodiment of an LED module 5b is 
shown in FIG . 56 . Similar to the fifth embodiment of FIG . 
5a , the LED module comprises a printed circuit board 5000 
comprising a first layer 5001 and a second layer 5002 . An 
optical cover plate 5003 is arranged to cover at least one 
LED ( not shown ) positioned on the top of the second layer 
5002 . A protrusion 5005 of the optical cover plate 5003 is 
arranged to cover the interface between the first layer 5001 
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and the second layer 5002 . Sealant is positioned between the 
first layer 5001 and the second layer 5002 to sealably adhere 
the optical cover plate to the printed circuit board . 
[ 0084 ] The second layer 5002 of the present embodiment 
is adapted to be partially absent in the locality of the 
protrusion 5005 . In the present embodiment the absence 
5004 of the second layer 5002 is partially inward to the 
printed circuit board 5000 . The partial absence of the second 
layer may allow for improved sealing of the cover plate 5003 
to the first layer 5001 , which may , for example , be stuck by 
adhesive sealant 5004 with greater adherence than the 
second layer 5002 . 
[ 0085 ) . A seventh embodiment of an LED module 6 is 
shown in FIG . 6 . Again , the LED module comprises a 
printed circuit board 600 covered at an edge by a protrusion 
of an optical plate 63 such that an interface between a first 
601 and second 602 layer is at least partially covered . An 
LED 610 , positioned on an upper surface of the printed 
circuit board 600 , is covered by the optical plate 63 . A first 
depression 65 is present in the optical plate 63 alongside the 
protrusion . 
[ 0086 ] The optical plate 63 further comprises a second 
depression or channel 66 alongside the first depression 65 . 
In the event that sealant 64 of a sufficiently low viscosity 
may otherwise flow into the flat area of the printed circuit 
board a second depression 66 , for example a groove or 
channel in the optical plate , can function as a trap to prevent 
flow towards the LEDs , for example the LED 610 . 
[ 0087 ] With reference to FIG . 7 , an eighth embodiment of 
an LED module 7 may be seen . The LED module comprises 
a PCB 700 having a first layer 701 and a second layer 702 . 
An LED 710 is mounted upon the upper surface of the 
printed circuit board adapted to emit light . An optical plate 
73 , positioned to cover the LED 710 , comprises a protrusion 
75 arranged to cover the interface between the first 701 and 
second layer 702 at the edge of the PCB 700 . 
[ 0088 ] A sealing mould 74 , made of a plastic material such 
as silicone rubber , is attached to both the PCB 700 and the 
protrusion 75 of the optical plate 73 . The sealing mould may 
be attached by a known overmolding or a known 2k molding 
process . Thus , the portion of the interface covered by the 
protrusion 75 between the first 701 and second layer 702 
may be sealed against the ingress of foreign contaminants by 
the sealing mould 74 . Preferably the sealing mould 74 does 
not extend to cover the lowermost surface 706 of the PCB 
700 . 
[ 0089 ] Another embodiment of an LED module 8 is 
illustrated in FIG . 8 . As before , the LED module comprises 
a PCB 800 having a first layer 801 and a second layer 802 . 
A optically transmissive cover plate 83 is positioned to cover 
at least one LED 810 ( positioned on an upper surface 805 of 
the PCB 800 ) and comprises a first protrusion 85 arranged 
to cover a portion of an interface between the first layer 801 
and the second layer 802 at a side surface of the PCB 800 . 
Sealant 84 is positioned between the first protrusion 85 and 
the side surface of the printed circuit board such that the 
portion of the interface between the first layer 801 and the 
second layer 802 covered by the protrusion is sealed against 
foreign contaminants . 
[ 0090 ] The present embodiment , however , further com 
prises an additional protrusion 87 . The additional protrusion 
protrudes outwardly from the cover plate to cover a section 
of the upper surface 805 of the PCB 800 . Additional sealant 
86 is provided between the additional protrusion 87 and the 

upper surface 805 of the PCB 800 to seal the optical plate 83 
to the printed circuit board 87 . The sealant may be adhesive , 
and thereby fix the optical plate to the upper surface of the 
PCB 800 . The additional sealant may be called an upper 
surface sealing protrusion . By providing at least one such 
upper surface sealing protrusions , an area of the upper 
surface of the printed circuit board , which may contain at 
least one LED 810 , may be protected against the ingress of 
foreign contaminants . 
[ 0091 ] Presented in FIG . 9 is a technique for providing a 
feed - through for wires through a protrusion 900 to allow , for 
example , provision of an external power supply to the LEDs . 
The exemplary protrusion 900 is an upper surface sealing 
protrusion , such as the additional protrusion 87 . This should 
not be construed as limiting the feed - through of wires to 
only apply to an upper surface sealing protrusion , but may 
rather also apply to the side - sealing protrusions such as 
those embodied in FIGS . 1 - 7 . 
[ 0092 ] For provision of wires through the protrusion 
900 — a cavity 905 , for example a channel or depression , is 
provided 990 in the protrusion . Such a cavity spans across 
the width of the protrusion , for example , in a substantially 
perpendicular direction to that of the length of the protru 
sion . Optionally , the cavity 905 may have a variable width 
over the length of the said cavity . Sealant 920 is provided 
991 in the cavity , to which a wire 910 is sunk . A printed 
circuit board 950 is provided 992 and brought into contact 
993 with the protrusion 900 . The sealant thereby seals the 
wire 910 within the cavity 920 , and partially seals the circuit 
board 950 to the protrusion 900 . In the present embodiment 
there is only sufficient sealant 920 to completely fill the 
cavity 905 such that within the cavity 905 ( including the 
wire 910 ) there are no gaps or voids . Thus wires may be 
provided to the printed circuit board from an external to the 
present LED module ) interface . 
[ 0093 ] With reference to FIG . 10 , a method 10 of sealing 
an LED module 1000 is illustrated . The method comprises : 
providing an optically transmissive cover plate comprising 
translucent material positioned 1002 to cover at least one of 
the plurality of LEDs and comprising at least one protrusion 
arranged 1003 to cover a portion of an interface between the 
first layer and the second layer at the at least one side surface 
of the printed circuit board . The method may further com 
prise providing 1005 sealant between the protrusion of the 
cover plate and the covered interface so as to prevent ingress 
of foreign contaminants into the section of the interface 
between the first layer and the second layer covered by the 
covered area . An additional optional method step comprises 
providing 1004 at least one depression in the optical plate 
alongside each protrusion and providing sealant in the 
depression of the optical plate for sealing of the optical plate 
to the printed circuit board . 
[ 0094 ] A cross - section of one embodiment of a mechani 
cal fixation plug 1130 for securing the LED module 1110 , 
1120 into an external support 1150 is shown in FIG . 11 . The 
LED module comprises the printed circuit board 1110 and 
the optical plate 1120 , which in this embodiment lie sub 
stantially flat and flush against one another . 
[ 0095 ] The plug 1130 spans through both the printed 
circuit board 1110 and the optical plate 1120 without extend 
ing beyond a bottom surface 1111 of the printed circuit 
board . A mechanical fastener 1140 , for example a screw , is 
mountable within the plug for affixing the plug to the 
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external support 1150 which may , for example , be a ceiling , 
wall or another part of the luminaire ( such as a heatsink or 
housing ) . 
[ 0096 ] To secure the plug to LED module , the plug 1130 
comprises at least one clamp 1133 which may extend in a 
single direction ( for example the X - direction along the 
length of the LED module ) . The plug 1130 has a press 
module 1134 for ensuring the bottom surface 1111 of the 
printed circuit board is made to lie substantially flat against 
the external support 1150 . The mechanical screw 1140 
applies direct pressure to the printed circuit board 1110 , 
through the press module 1134 , to perform this action . In 
embodiments the press module may extend in the Z - direc 
tion ( i . e . into the page , at least partially spanning the width 
of the LED module ) . The plug 1130 further comprises at 
least one wing 1131 which spans across an exposed surface 
of the optical plate to mechanically secure the optical plate 
to the printed circuit board . The wing may comprise a wing 
protrusion or pin 1132 which projects into the optical plate 
for a more secure fastening . The optical plate may thus be 
pushed against the printed circuit board . In some embodi 
ments the wing 1131 , inclusive of a wing protrusion 1132 , 
may be thought to function as a spring , and may permit 
movement in the Z - Direction and the X - direction ( i . e . the 
direction corresponding to the width and length of the LED 
module ) , but may limit movement in the Y direction . Thus 
the optical plate 1120 may be kept a constant distance from 
the printed circuit board 1130 . 
[ 0097 ] Other variations to the disclosed embodiments can 
be understood and effected by those skilled in the art in 
practicing the claimed invention , from a study of the draw 
ings , the disclosure , and the appended claims . In the claims , 
the word “ comprising ” does not exclude other elements or 
steps , and the indefinite article “ a ” or “ an ” does not exclude 
a plurality . The mere fact that certain measures are recited in 
mutually different dependent claims does not indicate that a 
combination of these measured cannot be used to advantage . 
Any reference signs in the claims should not be construed as 
limiting the scope . 

1 . An LED module comprising : 
a printed circuit board having an upper surface and a side 

surface ; the printed circuit board comprising a first 
layer ; a second layer ; and a plurality of LEDs adapted 
to output light from the upper surface ; and 

an optically transmissive cover plate positioned to cover 
at least one of the plurality of LEDs and having at least 
one protrusion arranged to cover a portion of an inter 
face ( 107 ) between the first layer and the second layer 
at the side surface of the printed circuit board , 

wherein at least one side surface of the printed circuit 
board is at least partially inwardly inclined . 

2 . The LED module as claimed in claim 1 , further 
comprising sealant positioned between the protrusion of the 

optical plate and the covered portion of the interface so as to 
prevent ingress of foreign contaminants into the said cov 
ered portion of the interface . 

3 . The LED module as claimed in claim 2 , wherein the 
sealant is adapted to adhere the protrusion of cover plate to 
the covered portion of the interface . 

4 . The LED module as claimed in claim 1 , wherein : 
the first layer comprises an metal substrate ; and 
the second layer comprises a dielectric material 
5 . The LED module of claim 1 , wherein the optical plate 

further comprises at least one depression alongside the 
protrusion of the optical plate . 

6 . The LED module of claim 5 , further comprising sealant 
positioned between the depression of the cover plate and the 
printed circuit board for sealing the cover plate to the printed 
circuit board . 

7 . The LED module of claim 1 , wherein the protrusion has 
at least one inclined side . 

8 . The LED module of claim 1 , wherein at least one layer 
is at least partially absent in the locality of the protrusion 

9 . A method of sealing an LED module , wherein said LED 
module comprises a printed circuit board having an upper 
surface and at least one side surface and comprising : a first 
and second layer ; and a plurality of LEDs adapted to output 
light from the upper surface , the method comprising : 

providing an optically transmissive cover plate compris 
ing translucent material positioned to cover at least one 
of the plurality of LEDs and comprising at least one 
protrusion arranged to cover a portion of an interface 
between the first layer and the second layer at the at 
least one side surface of the printed circuit board 

wherein the printed circuit board of the LED module is 
made to have at least one inwardly inclining side . 

10 . The method as claimed in claim 9 , further comprising : 
providing sealant between the protrusion of the cover 

plate and the covered interface so as to prevent ingress 
of foreign contaminants into the section of the interface 
between the first layer and the second layer covered by 
the covered area . 

11 . The method as claimed in claim 9 , further comprising : 
providing at least one depression in the optical plate 

alongside each protrusion ; 
providing sealant in the depression of the optical plate for 

sealing of the optical plate to the printed circuit board . 
12 . The method as claimed in claim 9 , wherein the step of 

providing an optical plate is adapted wherein the protrusion 
has at least one inclined side . 

13 . The method as claimed in claim 9 , wherein the second 
layer of the printed circuit board of the LED module is at 
least partially absent in the locality of the protrusion . 

* * * * * 


